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Abstract 

An effective texture is presented for six Majorana neutrinos, three active and three 
(conventional) sterile, based on a 6 x 6 mass matrix whose 3x3 Dirac component {i.e., 
active-sterile component) is conjectured to get a hierarchical fermion universal form, 



I similar to the previously constructed 3x3 mass matrices for charged leptons as well as 
^ . for up and down quarks. However, for neutrinos this form becomes unitarily deformed 
\ by the action of bimaximal mixing, specific in their case. The 3x3 lefthanded and 
p • righthanded components (i.e., active-active and sterile-sterile components) of the 6x6 
I mass matrix are diagonal with degenerate entries of opposite sign. They dominate over 
the 3x3 Dirac component. In such a texture the neutrino masses are mi = —m^ ~ 
m2 = —m^ — = — mg with the mass-squared differences Amji <^ Am32 ^ ^"^si 
and Aml-^ = Amgg = Amgg = 0. The last equality implies in our texture the absence 
of oscillations for three (conventional) sterile neutrinos. Thus, these neutrinos are here 
effectively decoupled, what is realized evidently in another way than through the popular 
seesaw mechanism. There remain the oscillations of three active neutrinos, getting the 
form as for bimaximal mixing, but with the mass spectrum following from our texture. 
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1. Introduction. As is well known, three Dirac neutrinos are vj^^ = UaL + i^aR (ct = 
e , // , r), while three Majorana active neutrinos and three Majorana (conventional) sterile 
neutrinos become v'^^ — i^aL + ii^aLY and — VaR-\- {^aR)'^ (a = e , , r), respectively. 
The neutrino mass term in the Lagrangian gets generically the form 



C^^s-^U-. ,..)^^(., Mif)[.f)- 

If and are not all zero, then in nature there are realized six Majorana neutrino 
mass fields Ui or states ji^i) {i — 1, 2, 3, 4, 5, 6) connected with six Majorana neutrino flavor 
fields Va or states l^a) {c^ = ^ , IJ' , t , , IJ's , Ts) through the unitary transformation 

= ^UaiVi or \Va) = l^t^ail^i) > (2) 

i i 

where we passed to the notation Va = i^^^ and = u^'' ior a — e , fj, , t. Of course, 
^aL = '^aL, J^aR = (^^lY and u^^l = u^R, i^S = i'^aRT for Q; = 6 , // , T. Thus, the neutrino 
6x6 mass matrix M — {Ma/3) (ct; /9 = e , , r , , Hs , Ts) is of the form 

The neutrino 6x6 mixing matrix U — {Uai) {i — 1, 2, 3, 4, 5, 6) appearing in Eqs. (2) is, 
at the same time, the unitary 6x6 diagonalizing matrix, 

U^MU — Md = diag(mi , 777,2 , '^3 , ttia , , 7776) , (4) 

if the representation is used, where the charged-lepton 3x3 mass matrix is diagonal. This 
will be assumed henceforth. 

2. Model of neutrino texture. In the present paper we study the model of neutrino 
texture, where the 3x3 submatrices in Eq. (3) are 



M(^) ^ m I 4^ tan 2^25 (5) 
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with m > being a mass scale and tan 26*2^ (ij = 14 , 25 , 36) denoting three dimensionless 
parameters. Notice that in the Dirac component M^^^ of the neutrino mass matrix M 
there appears the familiar matrix of bimaximal mixing that deforms unitarily a diagonal 
hierarchical structure (c/. Eq. (10) later on). 

One can show that the unitary diagonalizing matrix U for the mass matrix M defined 
in Eqs. (3) and (5) gets the form 
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1 1 

UU , U 



[/(3) 0(3) 
0(3) 1(3) 
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withsj,- = sin^jj and q,- = cos^j,-, while the neutrino mass spectrum is 



(6) 



(7) 



mjj = ±m\jl + tan^ 2^jj 
and, equivalently, can be described by the equalities 



(8) 



4 - 4j ^^.j 



(9) 



(ij' = 14 , 25 , 36) . The easiest way to prove this theorem is to start with the diagonalizing 

matrix U given in Eqs. (6) and (7), and then to construct the mass matrix M defined 

in Eqs. (3) and (5) by making use of the formula M^/j = JZiUai'miU^j^ , where the mass 

spectrum (8) or (9) is to be taken into account. 

From Eqs. (6) and (7) we can see that in our texture the mixing angles give Ci2 = 

I/V2 = S12, C23 = 1/^2 = S23 and C13 = 1, S13 = 0, whilst c^- , Sij {ij = 14 , 25 , 36) 

are to be determined from the experiment. Evidently, these values, in particular S13 = 0, 

may be a subject of correction. 

Note that the Dirac 3x3 component of the neutrino mass matrix M transformed 

1 

unitarily by means of the factor U of the diaginalizing matrix U becomes diagonal and 
may get a hierarchical structure. 



^ / tan 2^14 \ 

tan 2^25 
^ tan 2^36 / 



(10) 



similar to the Dirac-type mass matrices for charged leptons as well as for up and down 
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quarks, all dominated by their diagonal parts. The transforming factor U given in Eq. 
(6) works effectively thanks to its 3 x 3 submatrix f/'-'^-' that is just the familiar bimaximal 
mixing matrix [1], specific for neutrinos, describing satisfactorily the observed oscillations 
of solar i^e's and atmospheric z/^'s. 

Specifically, the Dirac 3x3 component of the neutrino mass matrix, when the bimax- 
imal mixing characteristic for neutrinos is transformed out unitarily, may be conjectured 
in a fermion universal form that was shown to work very well for the mass matrix of 
charged leptons [2] and neatly for mass matrices of up and down quarks [3] (obviously, 
in those three cases of charged fundamental fermions there exist only Dirac-type mass 
matrices). Then, for neutrinos we get [4] 

/I i^iD) ^ ( f^e 2a \ 

(U^MU) =^ 2a 4//(80 + £)/9 SVSa , (11) 

^ ^ V SV^a 24/i(624 + £)/25 / 

where fi > , a > and £ > are some neutrino parameters. Since already for 
charged leptons e'^''' = 0.172329 is small [2], we will put for neutrinos e ^ 0. We will 
also conjecture that for neutrinos a/n is negligible, as for charged leptons the small 
(a^^VAf^'O^ = 0.0231^25 [2] gives the prediction = mfP - 1777.031^:^ MeV [5], 
when rUe — rrf^^ and = rrf^^ are used as inputs, while with {aS^^ / ijS^^^ — the 
prediction becomes m,- = 1776.80 MeV. In such a case, from Eqs. (10) and (11) we can 
conclude that 



mtan2ei4 = ^ , m tern 2025 = ^^-^ = 1-23/^' mtan2^36 = ^^^^^ = 20.7// 

(12) 

in Eqs. (5), (8) and (10). Hence, from Eqs. (8) 



mi,4 = ±m , m2,5 = ±\lm? + l.SO/x^ , ms^e = ±ym^ + 427/^2 . (13) 
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3. Neutrino oscillations. Accepting the formulae (12) and making tentatively the 
conjecture that fx<^m, we can operate with the approximation, where < tan29ij <^ 1 
{ij — 14 , 25 , 36). Then, we get the case of nearly degenerate spectrum mi ~ m2 — ms 
(and mi = — m4 , m2 = —m^ , ms = —me), but with hierarchical mass-squared differences 
Am|]^ <^ Am32 ~ ^n^'li, where 

Am^i = 1.50 /x^ , Am^2 = 425 /x^ , Am^^ = 427 /x^ (14) 

(and Am4i — Am|2 = Amgg = 0). 

The familiar neutrino-oscillation probabilities on the energy shell, 

Pij^a ^ 1^0) = |(i^/3|e'''''ka)r = 5f,^-4Y,U;^Up,U^jU:iSm''xji (15) 

with 

Am^--L n n n m^ 
X,, = 1.27—^ , AmJ = - m^ , ~ £; - ^ , (16) 

valid when CP violation can be ignored (then = Uai), lead to the formulae 



P(l/e ^ I'e) = 1 - Sin^ X21 = 1 - P(l^e ^ I^/x) - -P(l^e ^ T^t) , 

P{i^ix ^ti) = 1 - ^ sin^ a;2i - ^(si^^ ^3i + sin^ 2:32) = P(^'t ^ i/^) = 1 - ^(t'y^ ^ t^r) 

P{iy^,^iye) = ^Sin2x2l = P(i/r^i^e), (17) 

when the matrix elements Uai are calculated from Eqs. (6) and (7) [see Eq. (A. 2)]. Here, 
the relations mi = — m4 , m2 = —m^ , ma = —me work in xji — 1, 2, 3, 4, 5, 6). 

Note that the oscillation formulae (17) hold also in the 3x3 texture of active neutrinos, 
if the 3x3 mixing matrix U — (Uai) {a = e , fi , t , i = 1,2,3) is put equal to the 
bimaximal mixing matrix U^^^ = (Uai^ given in Eq. (7), while the (conventional) sterile 
neutrinos are to be decoupled through the familiar seesaw mechanism. In this case, for 
any mass spectrum mi , m2 , rris the 3x3 mass matrix M = {Map) becomes 



(mi 








m2 







m2, I 



C/{3)t 



mi+m2 
2 

— mi+m2 

2^/2 
m\—m2 
2V2 



— mi+m2 

2V2 
mi+m2+2m3 

4 

— mi— m2+2m3 
4 



mi — m2 \ 

—mi~m2+2mo, 
4 

mi+m2+2m3 

4 / 



(18) 
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In particular, for m = rrii ^ m2 — rris one obtains M ~ ml^^\ The reason, why 
in both cases the oscillation formulae for active neutrinos , get the same forms 

(17), is - in our texture - the absence of oscillations for the (conventional) sterile neutrinos 
Vf., , Ufjt^ , Vt^. In fact, one can show from Eqs. (15) that the matrix elements Uai evaluated 
with the use of Eqs. (6) and (7) [see Eq. (A. 2)] lead to P{ya ^Ps) — P^i^as ~^ 
i^Ps) = ^Pscts (a , /3 = e , /X , r) in consequence of Amli — Am52 = AnT'ls — 0, where 

mi = —1714 , ""^2 = ~n^5 , ITT-S = —ITT-G- 

The oscillation formulae (17) provide the relations 



P(z/e Z/e)sol = 1 " siu^ (a;21 )sol , 

Sin^(a;3i)atm + Sin^ (2:32) atm 
~ 1 - Sin^(x32)atm , 
P{Pe Z^e)chooz = 1 " Siu^ (a;21 )chooz - 1 , 

P{^H i^e)LSND = ^ sin2(x2l)LSND ^ , (19) 

implying bimaximal mixing for solar u^'s and atmospheric z^^'s, negative result for Chooz 
reactor u^s [6] and no LSND ejfect for accelerator z/^'s (and z/^'s) [7]. 

From the second formula (19) decribing atmospheric i^^'s we infer due to the Su- 
perKamiokande results [8] that 

1 = sin^ 2^atm ~ 1 , Am^2 = ^^atm ~ 3 X 10"^ eV , (20) 

what gives 

~ 7.1 X 10"^ eV^ or ~ 2.7 x 10"^ eV , (21) 

when Eq. (14) is used. 

Then, the first formula (19) referring to solar i/g's predicts 

sin^ 29so\ = 1 , Aml^i = Aml^ - 1.1 x 10"^ eV^ , (22) 

where Eqs. (14) and (21) are applied. Such a prediction for solar fg's is not inconsistent 
with the Large Mixing Angle (LMA) solar solution [9]. 



P{Uu_ iy^^)a.tm = 1 - T Siu^ (a;2l)atm - - 
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4. Conclusions. We presented in this note an effective texture for six Majorana 
neutrinos, three active and tliree (conventional) sterile, based on the 6x6 mass matrix 
defined in Eqs. (3) and (5), and leading to the mixing matrix given in Eqs. (6) and (7), as 
well as to the mass spectrum (8) or (9). We conjectured that the Dirac 3x3 component 
of such a neutrino mass matrix, when the bimaximal mixing specific for neutrinos is 
transformed out unitarily, gets a fermion universal form (11) similar to the 3x3 mass 
matrix for charged leptons and 3x3 mass matrices for up and down quarks, constructed 
previously with a considerable success [2,3]. 

This texture predicts reasonably oscillations of solar z/g's in a form not inconsistent 
with LMA solar solution, if the SuperKamiokande value of the mass-squared scale for 
atmospheric f^'s is taken as an input. In both cases, neutrino oscillations are maximal. 
The proposed texture predicts also the negative result of Chooz experiment for reactor 
Pe's and the absence of LSND effect for accelerator f^'s (and i^^'s). The new miniBooNE 
experiment may confirm or revise the original LSND results. 

As far as the neutrino mass spectrum is concerned, our model of neutrino texture is 
of 2+2+2 type (with mi = Im^l ~ m2 = \m^\ ~ = |w2g|), in contrast to the models of 
3+1 or 2+2 types [10] discussed in the case when, beside three active neutrinos , v^j. , Vt, 
there is one extra sterile neutrino Vg- In those models, three Majorana conventional ^ieiiXe 
neutrinos , , are decoupled through the familiar seesaw mechanism, as being 
practically identical with three very heavy mass neutrinos 1/4, 1/5 , vq (of the GUT mass 
scale). In our model, on the contrary, the mass neutrinos i>'4 , i^s , v% are constructed to 
be degenerate in mass magnitude with the light mass neutrinos i^i , z/2 , ^'s, respectively. 
In consequence of this degeneracy, the conventional sterile neutrinos , u^^ , do not 
oscillate in our neutrino texture. 
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Appendix 

In our neutrino texture, the explicit forms of the neutrino mass matrix and its diago- 
nalizing matrix are 
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tan 2025 tan 2036 
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(A.1) 



[from Eqs(3) and (5)] and 
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(A.2) 



[from Eqs. (6) and (7)], respectively, where the neutrino mass spectrum is given as 
rrii^j — ±m^l + tan^ 2% or (c?- — s'^j)mij — ±m with Cij — cos % and = sin % (ij = 
14,25,36). Of course, Ma/3 = Y^iUaimU^i and T,apU*iMapUfSj = mj(5ij (q;,/3 = 
e , fjL , T , Cs , Us , Ts , = 1,2,3,4,5,6). Here, tan2^i4 — > , tan2^25 = 1.23///m 
and tan 2^36 = 20.7/x/m [from Eqs. (12)] with // ~ 2.7 x 10"^ eV [from Eq. (21)]. 

The Dirac component M^^^ of the mass matrix M, breaking the electroweak symmetry, 
may be of the Higgs origin. On the contrary, the lefthanded and righthanded components 
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M^^^ and A/*^^) of M , the former breaking the electroweak symmetry, may be given 
exphcitly. The bimaximal mixing matrix 



_ 1 1 1 

2 2 y/2 

\ I -I J- , 

\ 2 2 / 





(A.3) 



operating within the Dirac component M^^^ = mU^^^ diag(tan26'i4 , tan2^^25 , tan2^^36) of 
M as a factor and so, breaking the electroweak symmetry by itself, may be introduced also 
explicitly. Note that U^^^ is the generic 3x3 mixing matrix with O12 — n / 4: , 623 — tt/4: 
and = 0. Deforming unitarily m diag(tan 2^14 , tan 2^25, tan 2^36), the matrix U^^^ 
introduces the significant difference between the hierarchical structures of neutrinos and 
charged leptons. 

From Eqs. (2) and (A. 2) one can see that the flavor neutrinos z/^ are built up as 



the simplest orthogonal combinations of the superpositions u^j e 
i/'^j = SijVi + CijVj ~ Vj {ij — 14, 25, 36) of the mass neutrinos i/i: 



SijUj ~ t/j and 



1 / N 1 / 



1 
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72 
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72 



[Vli - 1/25) + i^36 



1 
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72 



V2 



1 / 



1^6 , 



(A.4) 



where the second step is taken for Sij <^ Cij corresponding to jji <^m. 

In the mathematical limit of Sij {ij — 14,25,36) corresponding to ji/m 
one obtains M mdiag(l(^) , -1^^)) and U ^ U ^ diag(C/(^^ , 1^^^), where niij ±m. 
Then, together with M^^\ the neutrino hierarchical structure vanishes. 
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